weeks, after which there was a gradual increase until at the end of 26 weeks, the treated soils were as acid as the untreated. The experiment indicates that ordinary green crops and manure turned under do not increase acidity; but that the use of a sugar-containing crop, such as sorghum, may have this effect for a few weeks.
These reports give the only available results bearing directly upon the sub ject, and in general they indicate that the effect upon soil reaction depends very much upon the nature of the organic matter used.
THE COMPOSITION OF ORGANIC MATTER

Nitrogenous material
There are two kinds of organic material to be considered here, nitrogenous and carbohydrates. The nitrogenous materials consist principally of pro teins or their degradation products. A small amount of nitrogen may of course be in the form of nitrate or ammonium salts, some in the form of ni trogen bases, including alkaloids, which are the pasic substances of plants; ptomaines, basic substances of animal origin, and other products representing the various stages of protein decomposition. Purine and pyrimidine bases some of which have been isolated from soils, may arise from the breaking down of nucleic acids; and choline, also a strong base, is a product of lecithin disintegration. These are the principal sources of nitrogen other than proteins.
The breaking down of protein materials is a hydrolytk process. The first nitrogen liberated is probably that from the amide groups. Then further decompositi�n leads to breaking of the amide linkages, and the production of free amino acids. These acids are an easily available source of energy for many bacteria and molds and are further decomposed into bases and acids. The particular kind of decomposition depends upon aeration and other factors. There may be either a decarboxylation or deaminization or both processes may occur. In general anaerobic bacteria reduce alpha-amino acids forming saturated fatty acids and ammonia. Aerobic bacteria tend to oxidize alpha amino acids to a fatty acid containing one less carbon atom, producing at the same time carbon dioxide and free ammonia. Four type reactions which illustrate the different decomposition processes most likely to occur are given below as taken from Dakin (4).
RCR2 -CRNR2 -COOR + R2
2. RCH2 -CRNR2 -COOH + 02 3. RCH2 -CHNH2 -COOR + H20 4. RCH2 -CHNH2 -COOR As the decomposition of protein proceeds, therefore, it is entirely possible for acidity to increase quite markedly. The glycine and alanine that is split off may produce acetic and propionic acids, serine may yield propionic and formic acids; valine and leucine, isovalerianic, and isovaleric acids; and other amino acids may likewise yield an organic acid. In this study a strong odor of butyric acid was evident in the first stages of decomposition. At the same . time basic compounds may be produced and these nitrogen bases may likewise be ammonified. Ammonia will, of course neutralize acids, as will also other nitrogen bases. These, in the absence of mineral bases would tend to permit nitrification, but the production of nitric acid would again make further de mands for base. At the same time, so far as results show, the organic acids which might have accumulated would probably gradually oxidize and disap pear. It would even be possible that organic acidity might never accumulate under any condition of adequate aeration. But since soils are so variable in character and since widely diff erent systems of managment are employed, no definite conclusions may be drawn.
CARBOHYDRATE MATERIALS
The mixture of degradation products of soil organic matter, which is too loosely classed as humus is perhaps somewhat influenced also in its reaction by carbohydrate materials. Though such materials may produce acids as acetic, propionic, and butyric, it is not known for how long a time they may exist unchanged. Natural albumin acids seem to disintegrate more slowly than the "Carbohydrate acids. Snyder of Minnesota (18) found that manure and other nitrogenous materials produced a humus of greater acidity than did straw and sawdust which contain less nitrogen. The fact that residues of a cellulose or starchy nature require more time for decomposition, makes pos sible a more complete oxidation of any acidity which might accompany the decomposition. In general, it seems that the most available carbon disappears from the soil rather more rapidly than does the nitrogen, so that, at times, it becomes a " matter of importance to apply carbon-rich manures. The reiative values of the different types of materials under the diff erent systems of soil treatment is, however, a subject for further investigation.
PRESENTATION OF THE PROBLEM
It has been observed that very complex reactions are occurring continuously in the soil. These may be tending simultaneously toward acidity and basicity in soil reaction. Chemical potential demands that reactions shall occur in such a way as to result in the maximum entropy to a given system. As car bon dioxide is evolved from ,the soil or nitrogen is lost or used by plants or a hundred and one other reactions occur, there is a change in the chemical po tential. Aside from the purely chemical, there are also what may be termed life forces, including the action of any and all soil· life. Even the enzymes of origin external to the soil may have an effect. For example glucosides con tained in plant cells, are broken down by enzymes which are present in other cells from which they must be liberated before attacking the glucoside. The freeing of these enzymes and their activity upon plant residues may hasten availability of nutrients, both saccharine and non-saccharine in nature, to soil organisms. Physical factors in the soil may favor or disfavor certain of these ends and at times results appear in reverse order to expectations. Ar bitrary statements should not be made, therefore, in regard to data from a study, which is at best, conducted under more or less unnatural conditions and burdened with many limitations.
It may be presumed that no material ever becomes of use as a fertilizer until some organism breaks it down into a simpler form. The changes are brought about by an immense number of organisms, the end products depending upon the nature of the substrate and the environment. Usually the more desirable products are favored by aerobic activity, but the condi tions cannot always be regulated in either field or laboratory. It is probable, however, that for every molecule of ammonia split off .there may be formed at the same time under any condition an equivalent of amount of acid, even. though the molecule may exist only momentarily.
Whatever deleterious effects may be produced by such transitory acids are probably not worthy of consideration. When organic matter is added to soils there is not only an increased absolute amount of food, but reactions which occur lead to an increased variety of degradation compounds. Since every variety of substance, be it acid or base, is select food for a special or ganism or group of organisms, a more multitudinous and varied flora follows the addition of organic materials. Greater bacterial activity means increased available mineral food, due to the dissolving action of acids or carbon dioxide produced. This effect should be perceptible in 'the rate at which calcium carbonate added to the soil is decomposed. Consequently in these studies residual carbonates, as well as acidities, have been determined. The disap pearance of carbonate and increase in acidity may not necessarily run par allel. In fact later data show that carbonates have practically all disap peared on treatments which have diminished the acidity, while there is yet a portion of the carbonate remaining on treatments which have increased the lime requirement. By combining acidity, carbonate and nitrogen changes a more intelligent inter l? retation of the various soil reactions may be reached.
PLAN OF EXPERIMENTS
Typical of highly nitrogenous materials, albumin, casein and blood have been studied. Starch and dextrose have been used as carbohydrates. And as materials of more practical significance alfalfa and ammonium sulfate have been employed. Two soils were tested with all treatments. The studies were made· in the greenhouse using gallon earthenware jars for containing vessels. Four samplings were made at intervals of 2, 5, 10 and 15 weeks, respective�y, thereby covering a total period of a little more than 100 days. The results by White (20, 2l) were reported for several months, a much longer period, as were those by Miller (13) . Skinner and Beattie (17) made field studies covering a period of 5 years. In this study, however, rather easily decomposable materials were used and it is doubtful if more significant re sults might have been obtained from a longer study. Ordinarily crop residues might require a longer time for decomposition.
On each sampling 4 determinations were made, the ammonia, nitrates, acidity and carbonates of linied soils. On the second and last samplings Dr. Potter had planned to determine the soluble non-protein and perhaps other forms of nitrogen, but· circumstances made it necessary to report the results incomplete as will be seen in the following paper by Potter and Snyder.
The soils were quite distinct in type. . One was from the humus plbts of the station, a dark soil fairly rich in organic matter, classified as Carrington silt loam. The other soil was from the Agronomy farm, rather sandy, light in -color, and low in organic matter, probably classified as Carrington sandy · loam.
Most of the organic treatments were made at the rate of 10 tons per acre. One application on the humus soil waf? made at double this rate for alfalfa and the ammonium sulphate was added in all cases at the rate of only one ton per acre. 2 It might be argued that these are excessive treatments, and that they would not apply to practical farm conditions. But when it is re membered that there is a more thorough mixing and that the materials not naturally existing in that condition are more finely ground than in field treatments, it would not seem likely that any physical effect produced by the treatment here would be greater than that occurring naturally in soils. Or ganic matter turned under in the field is likely to occur in a layer which is not well distributed and the concentration of material locally might be even greater than that prevailing in the pot treatments. It would not be main tained, however, that identical decompositions would occur.
Optimum moisture conditions were provided as nearly as possible by daily watering. Though pots cannot be controlled as accurately as tumblers, and checks are consequently not as good, the results are more nearly comparable. with field conditions and of more value for that reason. Moisture and tem perature fluctuations are perhaps greater in the field. These studies began in April when greenhouse temperatures were relatively low. In July and Au gust on the other hand, extremes of 115°to 120°C. were reached. Moisture con ditions were subject to similar changes. In very hot dry weather the surface soil of the pots became quite dry even with daily watering. In moist weather on the other hand, the soils never dried out and demanded only a little water once or twice per week. These variable conditions, no doubt, had their effect upon the results obtained, but they may be regarded as indicative of what may occur in the field. There is not, however, the leaching and over satura tion of water, or the effect of plant growth to which field treatments would be subject.
AMMONIFICATION 3
The ammonia produced was determined by the aeration method using potassium carbonate to free the ammonia from its salts. The method has proved very accurate, as duplicates agree closely, even when corresponding determinations are run at different times. After the first sampling it was decided to run only one determination since differences due to the various treatments were usually quite marked and variations due to manipulation of the method were not significant. Though ammonification probably be gan in a few hours or at most in a few days, information on this phase of the question was not especially desired and determinations were not made except at the regular periods of samplings. The results are shown in table 1.
With albumin and casein it is observed that the greatest amount of ammonia was found at the first sampling on both soils. The chief cause for the large amounts of ammonia at first is the failure of nitrification to begin. It may be noted that there are no nitrates at the first sampling except in the casein-treated pots of the humus soil. The multiplication of organisms, however, may be inferred to have been occurring at this time. Consequently more and more of the changed materials is being resynthesized as the experiment progresses. It is notable too, that though casein seems to have nitrified more quickly than albumin, there is also a greater accumulation of ammonia, showing more rapid progress of both ammonia and nitrate production at first. After the first sampling the results are fluctuating. By far the largest absolute amount of ammonia is found in the humus soil, indicating a superior ammonifying power for this soil. With blood on the other hand the largest amount of am monia is found at the last sampling in spite of the fact that there is greater nitrate production at the same time. This is illustrative in a quite definite way of the difference in ease with which different organic materials are decomposed.
The carbohydrate materials give such small amounts of ammonia that in terpretation of the results is :npt significant. Since no nitrogen is added by starch or dextrose no great amount of ammonia could be expected. As a matter of fact the untreated soil produced practically the same quantity. Alfalfa and ammonium sulfate behave in much the same way. A little more nitrogen is added in the alfalfa but it is probably not quite as rapidly available. After the first sampling there is no more ammonia with alfalfa treated soil, than with untreated, due to nitrification. The ammonium sulfate pots run a little higher, especially on the untreated sandy soil. This is due to lack of nitrifi cation in the absence of lime, since the ammonia obtained in the determina tion represents 'the unchanged fraction of the ammonium sulfate. On the humus soil which gave a higher lime requirement, however, activ.e nitrification occurred.
The effect of the lime in depressing ammonification is very characteristic, agreeing with results obtained by previous workers,, where rather large amounts of lime were applied. (Six and seven tons, respectively, on the sandy and humus soils were used). Where the nitrogenous organic materials are added the depression is quite extreme. Part of the depression is only apparent, however, since nitrification is much greater in the presence of lime. But the summary table shows that there is yet a depression in nearly every case except where ammonium sulfate is used even when allowing for the change to the ni trate form. Still another factor may enter here.. Organisms are usually more numerous in the presence of lime if soils are acid, and a greater nimber of organ isms might have resulted in a greater amount of both nitrate and ammonia being synthesized into new proteins. The importance of this factor is questionable.
The nitrogen content of the materials used was 15.24 per cent, 14.25 per cent, 14.48 per cent, and 2.92 per cent, respectively for the blood, casein, albumin, and alfalfa. Since this is adding nitrogen at the rate of 1524, 1425, 144:8, and 292 parts per million of soil, it is easy to calculate the per cent which is changed to ammonia at any time. The casein and albumin approxi mate 50 to 60 per cent at the first sampling on the humus soil and 40 to 50 per cent on the sandy soil at the same time. Blood starts at about 20 per cent, and runs up to something like 30 per cent, on the humus soil but starts at better than 30 per cent, on the sandy soil and never runs much higher. Only a small per cent of the nitrogen of the alfalfa even exists in the ammonia form.
The general behavior of the two soils is noticeable because of character istic differences. The sandy soil promotes a slower ammonification in prac tically every case except for blood. The effect of lime in depressing ammoni fication is apparently greater on the humus soil at the last two samplings. Previous to that time there is less difference.
The cause for greater ammonification in the absence of lime, aside from the differences due to change to nitrate, may be due to differences in the soil flora. In acid soils a large part of the ammonification may be due to fungi. This is in accordance with the conception that organic soils contain chiefly molds, rather than a bacterial flora. Though these soils are not especially humus rich, a rather heavy application of organic material has been made, and the acidity by depressing bacteria, would tend to stimulate mold growth. Though molds may be abundant even under conditions which furnish an alkaline re action, bacteria do not thrive in acidity, and there is, therefore, less competi tion to the mold organisms. Contributory to this thought McLean and Wilson (14) of New Jersey found that moulds were very efficient ammonifiers, con verting nearly half the nitrogen of dried blood in 7 days. It is known, also, that ammonification occurs in :flooded soils on which rice is grown where mold growth and anaerobic bacteria would be responsible for the change.
A preliminary test with tumblers has shown that molds are very abundant in these soils made artificially acid with sulfuric acid and treated with IO tons of albumin. The greater the acidity the greater the mold growth has been up to a certain limit at least. The normal soil showed little mold growth, and in fact, there was no great amount of visible mycelium or fruiting bodies until an acidity equivalent to 7 .2 tons including that already in the soil was supplied. The 8;5 and 9.6 ton acidities developed likewise a heavy growth. Later just as heavy a growth appeared on the 17 .5 ton requirement. Soils made acid without the addition of organic matter did not develop a heavy visible growth, showing that a combination of the two factors, acidity and organic matter was most favorable to mold production. In every case high acidity has favored molds as would be expected. The object in making the heavy application of acid was to intensify differences. These conditions make it possible to determine in a limited way the activity of the mold :flora of the soil, and the results should suggest the capacity of molds for taking part in the nitrogen changes even under normal conditions. Of course, acid resistant bacteria might also be of significance. It is possible that the acid may de nature the albumin by forming acid albu . min yet the effect in this respect may not be vastly different from that which occurs in soils without the" artificial acidity. More definite results froin this study are reported below.
The addition of the albumin shows the same depressing effect upon the lime requirement of the normal soil. Sulfuric acid was chosen to increase the acidity because it is a strong mineral acid, and the sulfate ion would probably not have a deleterious effect on the organisms. There were duplicate tum blers but the checks agreed so well that only averages are presented in the table.
There is the same depression of ammonia and increase of nitrates in the presence of lime (the treatments were th6 same as in the original experiment except for the H 2 S04). The absolute amount of ammonia is found to increase with increasing acidity fairly regularly up to the heaviest acid treatment.
Even here there is only a slight depression. On the other hand the nitrates decrease quite regularly with increasing acidity until there are none or only a slight trace in the most acid treatment. Taking the sum of nitrate and am monia nitrogen, the maximum is found in the normally acid soil and the next highest amount at the next acidity and on down until there is a lime require ment of 8.5 tons before there is a depression. The indication is, therefore, that ammonification continues under rather extreme acid conditions, while nitrification is much depressed and finally stopped by the same conditions.
Correlating these results with the very heavy gray and yellow mold grown in the tumblers it would seem quite probable that the ammonification was due to considerable extent to the molds. Yellow fruiting bodies were very abundant and the moldy odor was quite conspicuous. In the pot treatments, also, a rather conspicuous growth of a lead gray mold was observed. The evidence is at least in favor of the activity of molds as ,accounting for the greater ammoriifi.cation under acid conditions rather than in the presence of lime.
A weak point in the study is of course the incapacity of the method used for determining hydrogen-ion concentration. But since sulfuric acid is a strong acid and enough was present actively so that an acid extract was ob tained from the treated soils, it may be presumed that a higher concentration of acidity prevailed than is present in normally acid soils. The water extract showed increased acidity with increase in acid applied so far as the colof of methyl orange could indicate.
Some discussion as to the significance of ammonia and other forms of ni trogen aside from the nitrate, in the nutrition of plants may be of indirect re lation to this study. New conceptions are formed as the nitrogen problem is better understood. It has been suggested (10) that since the plant must reduce nitrate to ammonia in order to synthesize protein a saving of energy . would result if a more complex form of nitrogen than ammonia such as an amino acid were used by the plant. Complying with this idea investigators have made tests, and a number of compounds, including arginine, histidine, xanthine, hypoxanthine, guanine, creatine, choline and nucleic acids, have been found to be directly beneficial to plants. Some of the materials have given re sults indicating that they were a better source of nitrogen than is nitrate itself.
Rice which grows in the absence of nitrate uses ammonia and does not thrive in the presence of nitrate.
Along the same line Lipman (12) suggests the possibility of a diffusable compound passing from the roots of legumes and stimulating the growth of a non-legume. Such a postulation seems �ntirely reasonable in the light of the knowledge that such compounds as urea, glycocoll, asparagine, and lucine, serve as sources of nitrogen for plant growth. It would not, therefore, be necessary that these compounds which are soluble and diffusible be nitrifi.ed before they could be of use to the non-legume. These same substances are also products of both analysis and synthesis by organisms, which not only makes possible beneficial effects of many organic manures as a source of ni trogen before nitrification occurs, but makes it likely that some benefits may accrue even in the absence of an efficient nitrifying :flora. Compounds of greater complexity than dipeptids are relatively insoluble and beneficial effects due to their presence could hardly be expected. There is a slight possibility also that the beneficial effects sometimes attributed to micorrhizal growths may be due to partially synthesized nitrogen compounds of no greater com plexity than dipeptids, which the host plant is able to absorb from the micor rhizal filaments. According to Coville (3) the fungi themselves habituary use organic nitrogen which they may obtain as well from acid soils. If then, as he also suggests they supply the host plant with some sort of nitrogen they become of double value, by supplying the nitrogen and likewise by saving energy to the host plant.
In the future it would seem at least justifyable. to refrain from the decla ration that plants must have nitrates. The solubility and nontoxicity of nitrate and the reaction products makes it an especially suitable plant food. Yet it is observed that when plants, as in the case of rice, fail to develop the necessary reducing enzyme to make use of nitrate in pr.otein synthesis, there is no loss in thrift or efficiency of the plant organism.
And again when it is observed that although molds may not nitrify, they do produce ammonia, amino acids and dipeptides which are probably of direct use to plants, their activity has greater significance. The fact that more pro ductive soils usually permit greater nitrification may be more incidental than fundamental. A well aerated soil is essential to productiveness but it like wise stimulates the production of nitrates. Under such conditions protein degradation products other than nitrates perhaps have little opportunity to function in the nutrition of plants. And while it is a fact that plants use ni trates it is also a pertinent question as Lathop (10) has suggested, to ask why it should be necessary ..
It is not desired, however, to minimize the importance of the nitrifying process in soils. It is only by those oxidation processes that toxic substances are prevented from accumulating and such oxidations insure, thereby, the recovery of both carbon and nitrogen to serve again a cycle of usefulness.
NITRIFICATION
For the determination of nitrates the phenol-disulfonic acid method, �s modified by Davis (5) , in this laboratory, was used. The method has the advantage of accuracy and ease of adjustment to the quantity of nitrates by the making of proper dilutions. There is also the advantage of detecting small amounts of nitrate. The results are shown in table 3. It is noticeable that the highly nitrogenous materials, albumin on the humus soil and casein likewise on the sandy soil, failed to show nitrates at the first sampling. This is probably due to a slight toxicity caused by the accumulation of ammonia at first. Then the rapid multiplication of organisms resulted in the exhaustion of the original soil nitrates before active nitrification had time to begin. Nitrification in practically all cases is found to increase to the last sampling. Casein nitrifies most rapidly of any of the nitrogenous ma terials, on the humus soil, but on the other soil blood takes the lead. Blood also begins nitrification at once on both soils apparently because ammonifi cation did not begin at such a rate as to render its accumulation toxic. Con sistent with its character in ammonification, blood nitrifies gradually, and finally produces the maximum absolute amount of nitrate in the sandy soil. In the humus soil, casein holds this place, though one pot in the last sampling of blood was a close second. With the exception of this one determination, blood is second to albumin on the humus soil. In contrast to the rapid ni trification of blood, albumin fails to nitrify at a comparable rate until the last sampling on the sandy soil, and not until the third sampling on the humus soil. Casein on the other hand catches up with the blood at the second sampling on the humus soil, and somewhat at the third on the sandy soil.
Starch and cellulose behave in much the same �ayonboth soilssince nitrates disappear almost entirely and continue absent nearly to the end of the experi ment. There are two explanations for this action. Either denitrification may occur in the presence of easily available sources of energy, or nitrification never sets in for the same reason. It is probable that the organisms do not nitrify except to the extent of satisfying the nitrogen demands of the soil flora. Such results would suggest a means for co. ntrol of the rate of nitrification. In fact Kelly (9) has reported results showing a reduction of 50 per cent or more in the rate of ammonification of casein and blood, in the presence of starch. Brown and Kellog (1) obtained a similar depression of the oxidizing power of organisms in sulfofication studies. They found that cahe sugar, starch, and filter paper all depressed the oxidation of the sulfur, the greater the amount and the solubility, the greater the depression. Gerlach and Densch (8) found that easily decomposable organic compounds such as dex trose or straw caused soluble nitrogen salts such as ammonium sulfate and sodium nitrate to be converted into protein compounds in the soil. Later, however, these were readily decomposed. Similar results were obtained also in work done at New Jersey. Lipman, et al. (11) has suggested the possibility that the large evolution of carbon dioxide in the presence of carbohydrate material might ·account for the non-appearance of nitrates. Coleman (2), however, found that a smaller amount of dextrose (0.5 per cent) increased the rate of nitrification. This increase may be attributed to in creased numbers of organisms which soon exhaust the dextrose and then attack the nitrogenous organic matter quite vigorously. Brown suggests a temporary toxicity to the nitrifying flora as a possible cause of non-appearance of nitrates. The results are illustrative of the inter-relationships of carbohydrate and protein organic portions of the soil, and suggest a problem for study to deter mine more definitely what the relationship may be. It might be possible to exercise a measure of control over nitrogen changes by making proper protein and carbohydrate combinations.
Wright (22) in making a study of various organic materials upon nitrifi cation concluded that coarse material plowed under in the undecayed state, maymaterially reduce the quantity of available nitrogen in the soil. Plowing under such materials in the fall should, therefore, save nitrogen from loss during the winter and by spring permit nitrification sufficient for crop pro duction. This author found, however, that green and succulent material was rather easily and quickly attacked. Evidently there are several factors which may determine the susceptibility to nitrification and, therefore, the, more advisable time and rate of application of an organic fertilizer.
In line with the results it may be inferred that nitrification in excess of nutritional demands begins when easily available carbohydrate is exhausted. Nitrification starts in every case to an appreciable extent, except on the un limed starch-treated sandy soil. Nitrification begins soonest on both soils in the presence of dextrose, P.robably because dextrose is more easily available and is, therefore, more quickly exhausted. The insolubility of the starch and the protective covering of cellulose about the starch would render it quite re sistant, and probably result in a large residue of unavailable material. The limed treatments start nitrification first and produce greater quantities of nitrates, which is also consistent, since more organisms should be active in the presence of lime, and carbohydrate would, therefore, disappear more rapidly. The argument applies .again consistently in that in the humus soil which should possess a more multitudinous flora to exhaust the carbohydrate, nitrification begins first in the presence of both starch and sugar. Evidence, therefore, points to lack of nitrification rather than to denitrification as the cause of absence of nitrates. Doryland (6) presents results which are in line with the above conclusions and in his publication may be found also ari excellent historical review and bibliography. The results of previous workers in general, justify the inter pretation presented in this paper.
Alfalfa behaves in much the same way as blood, gradually increasing in absolute amount of nitrates up to the last sampling. It is notable, however, that there is not twice as much nitrate produced when the rate of adding alfalfa to the soil is doubled. In only a few cases is it nearly double. Ammo nium sulfate makes very consistent and gradual increases up to the last sampling.
The difference in the behavior of the two soils is shown more characteris tically in nitrate production than in other respects. The humus soil has a much greater nitrifying power, in respect to changing both its own organic matter and that added to it. Probably a part of the variation is due to difference in soil flora and this in turn is due to la . ck of organic material in the original sandy soil. And too, if it is only in the soil films about the soil particles that organisms are active, as is probable, the greater number of particles in the humus soil would mean greater film space in which activities might occur. According to data at hand the humus soil should have a surface area of its particles just about twice that of the sandy soil, or equivalent to 2i and 1! acres of surface.respectively. This alone :s sufficient to account for the difference in activity of organisms in the two soils, though the amount of bacterial food may be an important factor as well.
The stimulation of nitrification due to the presence of lime is too conspicuous to need pointing out. There are, however, a few exceptions. Ammonium sulfate, which is physiologically acid, and casein, which is rather more acid than basic, respond quite strongly. Blood and albumin which are not predomi nantly acidic do not make so consistent a response to lime. And alfalfa which may be considered physiologically basic, due to the fact· that upon complete oxidation a basis residue remains, responds still less. On the other hand the humus soil which is more acid by a ton and a half is much the more active soil. The indications are, therefore, that other factors may be of greater weight than is soil acidity, at least when this acidity is measured only in terms of total reactive acids present. Along with this may be taken the fact that a maximum nitrification is reached at the last sampling, which indicates that materials other than carbonates were functioning as a base, as the carbonates. h a ve been practically exhausted long before in the cases where nitrification is greatest.
Acidity is probably overemphasized sometimes, at least to the extent that lime is given too much credit from this standpoint. It is entirely probable that a neutral soil might respond to lime in a nitrification study due partly to the indirect effect of the carbonate on the soil flora or for other reasons. Aside from its neutralizing power, an important effect upon the soil flora comes indirectly through the influence of lime in ii:nproving the mecha.qical condition of the soil.
·
NITROGEN SUMMARY
In table 4 a summary of the nitrogen relationships is presented by taking averages and adding the ammonia and nitrate together. There is also given an average of all samplings with and without lime, showing the results after deducting the soil itself, which may be considered as a blank.
It is quite remarkable that on both soils the sum of the nitrates and ammonia is greater in most cases on the unlimed than on the limed pots where organic treatments are given, but that the reverse is true where there is no addition of organic material. These results would indicate t'hat lime could act toward conserving the organic matter at least when fairly heavy applications were made. The ammonium sulfate-treated soils behave as the soil alone, show- The greater increase in nitrogen change on the untreated soil emphasizes the need of keeping up the organic supply of nitrogen-poor soils. The rate of change is more than doubled in manx cases by the presence of the lime, which means that poor soils would be soon exhausted under such treatment. Though the absolute amount of nitrogen changed over is much greater, due to the added organic materials, the rate of change is more economical, and if condi tions may be provided such that either plants or the soil organisms can take up the nitrate as produced, there is no loss. The use of cover crops would assist in securing this end.
The sandy soil seems to have converted the nitrogen of the blood. somewhat more efficiently than did the humus soil. The same can be said of the am monium sulfate on the unlimed pots. The total nitrogen changed is observed to have been greater at the first sampling than at the two succeeding ones for the albumin and casein, and then to have increased again at the last sam pling. These resul'ts are probably due to the multiplication of organisms.
Later the protein of their bodies was changed over again. It is, therefore, impossible to determine the proportion of total original material that may
• have been changed. Some doubtless passed through the cycle of changes 2 or 3 times while very resistant residues remain unattacked. As to whether ·the synthesized proteins of bacterial cells might be more susceptible of nitri fication, .there is little evidence. Claims are made both ways. Probably the correct interpretation is that so:rpe bacterial proteins are more easily changed than some original soil protein and vice versa.
Taking average figures it will be noted that about a third of the albumin nitrogen, more than half the casein nitrogen, somewhat more than a third of the blood nitrogen, less than a tenth of the alfalfa nitrogen and nearly two thirds of the ammonium sulfate nitrogen has existed in the form of ammonia and nitrates on the humus soil in the presence of lime. Without lime more than 60 per cent of the nitrogen, less than half the nitrogen of blood, a similar proportion of the alfalfa nitrogen, and about half the ammonium sulfate ni-· trogen has existed in these forms. Considering maximum figures, nearly 80 • 'per cent of the albumin, nearly 90 per cent of the casein, a little more than half the ammonium sulfate nitrogen has been changed in the humus soil. In some cases the maximum changes occur on the limed, and in others on the unlimed pots. The figures for the sandy soil would run considerably lower in most cases.
An attempt with little success was made to correlate the composition of the protein with its rate of nitrification. A difficulty lies in the fact that the composition does not tell the manner in which the different amino acids are linked together in the protein molecule. , This is probably as great a factor as is the nature of the actual amino acids present.
Blood is probably over half hemoglobin, nearly a third albumin, and contains other constituents. The. albumin has been studied but there is no data as to \the decomposition of hemoglobin or other portions of its constituents. The gradual and regular decomposition of blood may be accounted for because of the fact that it is a mixture of proteins, some portions probably decompos ing slowly and thereby tending to hold the absolute activity in check. It is known that hemoglobin resists the a�tivity of putrifying organisms, but whether due to anti-ferments, or for other reasons is not known. The slow decomposition of the blood probably is due in part at least to the hemoglobin present.
ACIDITY RESULTS
The acidity results are summarized in table 5. The modified Tacke Method (19) as previously described, was used. Briefly this method consists in bring ing the acid soil into contact with pure calcium carbonate, using water as the contact medium. After thorough shaking and aeration for 10 hours the car bon dioxide liberated by the acid soil is titrated and the result is considered the lime requirement of the soil. The data is presented in terms of tons of calcium carbonate per acre. Lime requirement of the variously treated soils, in tons· per 2,000,000 pounds of soil The albumin and the casein have acted very much as an application of lime at first. This could be explained as due partly to the rapid production of ammonia without accompanying nitrification to increase acidity. The al bumin :fluctuates (partly perhaps du. e to errors of sampling) more than does the casein, but causes greater reductio !J. in lime requirement at the first sam pling, and much greater reduction in succeeding samplings. This is not in accordance with the predominantly acidic nature of casein, and indicates de carboxylation or oxidation of acidity. Starch and dextrose have likewise, though to a smaller extent, reduced the acidity, except at the third sampling on the humus soil. On the sandy soil both carbohydrates have had a very :fluctuating effect, and could scarcely be given a preponderance of credit either way. It is probable that organic acids may have oxidized faster in the presence of the dextrose and starch, and there is also the fact that nitrifi cation does not occur to increase acidity. Blood, like the other protein ma terials, reduces the acidity considerably at first, but after that only to a slight degree on the humus soil, and on the sandy soil its conduct is not consistent either way. Alfalfa has first reduced the acidity and then increased it on both soils, but only to such an extent as to be insignificant. Its very com plete nitrification would have the effect of increasing acidity, while the basic residue of minerals would have the opposite effect. The ammonium sulfate has caused a gradual increase in acidity on both soils, though to a less extent on the sandy soil. The data shows it to be the only material which could be definitely stated to have increased the acid reaction of the soil, excluding nitric acid itself, which is rather strong evidence that mineral acids are much more likely to act deleteriously. Several of the ot. her compounds produce much more nitric acid, and any of them are potentially capable of producing organic acids, but since no other treatment has an appreciable sulfuric acid residue, the major effect must be attributed to this.
ACIDITY RELATIONSHIPS
The relation between soil acidity and the activity of soil :flora is a somewhat complicated problem. As the soil reaction changes, group relations of soil organisms must shift. This is especially true since a high concentration of hydrogen-ion which is the true acidity, is deleterious to many bacteria, such as the nitrate producers, and azofiers .but is beneficial to certain fungi, more especially the molds.
There is also undoubtedly a marked adaptation of the flora to soil reaction. Acidity must naturally result through a cumulative process, and as the in tensity increases a more and more acid resistant strain of organisms of any species would seem natural. Such an adaptation would be comparable to that purposely brought about in the preparation, of vaccines by the producing of strains of pathogenic organisms of weak virulence. Not only are the phys iological, but likewise the morphological characters, very much subject to modification. Though there has never been a demonstration " to the effect that a more efficient strain of organisms, such as the nitrifiers, may be pro-duced, the cause may be attributed largely to the lack of methods. In fact, the organisms may be less efficient, but more resistant to acidity. Accurate methods, unless it be the hydrogen elec;trode method little used in soil studies, are not available for determining the active acidity of the soil. The ideal plan for such a study would be to start with a neutral soil, and by the use of artificial acids to prepare soils of definite hydrogen-ion concentration increai3ing by succeeding degrees to a high intensity. Then a study, where both pure and mixed strains of organisms were used should detect any adaptation, which might occur through perhaps several months time.
From its effect upon the activity .of organisms, the question may be asked, how does acidity occur in the soil? It is seldom, at least, that a tii:rable acidity can be extracted from soils, yet the same soils turn litmus paper, and give other indications of a functioning acidity. Acids are not active until ionized and not ionized until dissolved. Therefore, there must be a soluble acidity, even though it cannot be extracted. Buffering would, of course, explain the fact that a soil extract is neutral to indicators. In fact, by mixing mono-and di-sodium phos phates a neutral solution may be prepared, which would require the add.ition of 0.5 equivalent of HCl or NaOH before the reaction would be acid to congo red, or alkaline to phenolphthalein. This buffer action may be brought about by various acid salts, amphoteric substances, salts of weak acids and bases, etc., and undoubtedly some soils possess a large reserve acidity or alkalinity. But it seems also that it is not possible to extract a buffered solution from the soil (a number of tests were made on these treated soils) as indicated by incapacity of the extract to decompose calcium carbonate. Yet both artificially prepared buffered solutions and acid soils decompose carbonate easily. It would be of interest to know whether an oil pressure extract from acid soils might not possess a buffer action.
·
That many soil acids, including those of both organic and mineral nature, are quite insoluble and inactive for that reason is likewise quite without ques tion. Taking all of these facts together it is easy to see tha' t the absolute acidity of a soil may not have a very definite significance, since it is measured by the total amount of base taken up, and gives no indication as to what portion of the measured value may be due to reserve acidity and relatively insoluble acids. The reserve acidity is probably of little or no direct injury to either plants or organisms, though it is likely to use up the carbonates ap plied to the soil.
The evidence taken together is strong, therefore, for a soluble acidity, but just how and where it exists is not so easy to say. From the different reac tions given the conclusion that such soluble or active acids as are present exist only in the soil film, would not be irrational. It is probable that 9nly the film water functions in the nutrition of plants or is active in promoting the activity of soil organism. It is consistent with the nature of protein substances and organic matter in the humified state that they should form a colloidal film about the mineral particles of the soil, binding the water as a colloidal hydrate. The force which holds this film is difficult to measure, but it has been estimated at from 6,000 to 25,000 atmospheres. If organisms are active, principally in this film, and plant roots feed from the same film water, then there is an intimate relationship, on the one hand, between the reaction of the soil, which may perhaps not extend its sphere beyond the film thickness, and bacterial activity, and on the other hand between soil reaction and crop production. Such intimate relationships make it possible for the growing crop to exert considerable influence upon the changes brought about by the organisms and vice versa. Root hairs cling to soil particles, and or ganisms likewise are separated from the particles only with considerable effort, which is more evidence of a closely existing relationship such as has been de scribed. These are not essentially new ideas but ::tre a somewhat modified interpretation. Soil acidity, though without adequate reason perhaps, has been attributed to absorption forces, be they chemical or physical, which are probably somewhat similar to the force which binds water in colloids and which holds the films about particles., Nevertheless acidity to the degree that it is soluble may exist in the soil film and yet not be an adsorption phe nomenon as popularly interpreted. It would not be presumed that all acidity or all colloidal matter would exist in films, though the active portion might . be limited to such a sphere of functioning. Any which long existed in the free state would naturally be washed from the soil in the drainage.
Plummer (15), by the use of the hydrogen electrode, decided that soils vary appreciably in the hydrogen-ion concentration of the soil suspension. Similar results were obtained by Sharp and Hoagland (16) . Plummer (15) worked also on the soil film water, which was obtained by Morgan's oil pressur� method. It is significant that he found the reaction of this film water to be qualitatively the same as that of a soil suspension:. The concentration of acidity or alkalinity was much greater, however, in the film water. The general conclusion of these workers is that an acid soil must always present an acid solution to its plants.
Another point of interest in the interpretation of these studies is the effect of the nitrification process upon the soil reaction. The nitric acid produced makes heavy drains upon carbonates, as the data shows, the amount of base used being somewhat, if not entirely, proportional to the nitrate. At the same time not only the ammonia but other nitrogen bases,4 including the various amines, choline, guanidine, purine, and pyrimidine bases, etc., serve in the same way. Some nitrogen bases are stronger even than sodium hy droxide, and though no definite measures can be made, the organic acids produced, may not be any more significant than are bases liberated. The
• A nitrogen base re su lts whenever a compound possesses ni trogen whi ch may change in valence from 3 to 5. In water solution this chang e may re sult in the formation of an hydroxide as in the case of ammonia. In .othe r cases the nitrogenous compound may be presumed to combine directly wi th the acid. If it were hydro chlo ri c acid, an hyd ro chlo ride would be formed. data in a general way confirms this idea, though a basic material would proba bly be nitrified under conditions where one predominantly acid would not.
In fact Funchess (7) of Alabama found that certain nitrogen bases, such as quinoline and guanidine carbonate, were nitrified best in acid soils. The effect was marked to · the degree that lime prevented the decomposition of such materials. Other nitrogen bases, however, nitri:fied in the presence of lime, some more rapidly than in acid soil. '
Another point related to the interpretation of the data is the effect of the original materials on the soil reaction. Since proteins have a reserve acidity, they might be expected to decompose calcium carbonate. But the addition of the same amount of proteins as was added to the soil in the studies pro duced no measurable effect upon the lime requirement. This may be ex plained if in the original protein material there is an internal salt formation, due to the free carboxyls neutralizing the free amino groups. It is thought that such a ring formation does exist. It would seem, therefore, that some chemical or enzymatic action were ne�essary to break the ring formation and start decomposition before a measurable effect is produced on the soil reaction. The data indicates that such changes occur rather rapidly, however, as maxi mum effects are produced at the first sampling.
RESIDUAL CARBONATES
The residual carbonates were determined with the same apparatus used to determine the acidity, using phosphoric acid (strength 1 to 15) to decompose the carbonate. Blanks were always run on the untreated soil and subtracted from the results. The blank is nearly always low, about 1 cc. and did not differ greatly on the variously treated pots. The results are shown in table 6 expressed in tons per acre.
The data show again that albumin, casein, and likewise to a lesser degree, blood show a protective action for the lime at the first sampling. Since these materials act as a base in both acidity and carbonate determinations, as is evident, it would seem that decarboxylation must have occured rather rapidly. This would of course always leave a basic residue. Doubtless too, the am monia again would tend to preserve mineral bases of the soils. These con clusions are further justified from the fact that though casein is naturally pre dominantly acidic, it renders greater protective action than any of the other treatments. This again would indicate that much organic acidity might be rather ephemeral than significant. After the first sampling the drain upon the carbonates with these same treatments becomes marked. This is appar ently due to the fact that nitrification has begun, thereby not only removing the basic action of the ammonia, but increasing the acidity by producing nitric acid. The changing of 28 pounds of ammonia nitrogen to the nitric form may theoretically increase the lime requirement by 200 pounds, due to the double action of removing base,and pr ? ducing acidity. This alone might account for a considerable change of reaction. Blood and casein produce somewhat more violent effects in using up carbonate than does the albumin. On the sandy soil the blood produces very strong effects. Starch and dex trose have not caused marked effects, but have had a tendency to use up carbonates. It will be remembered that they had a tendency also to decrease acidity, so that taken together, their application is without significance in . effect upon soil reaction. At the third sampling dextrose on the sandy soil has caused a marked drain upon carbonates but the high figures are probably due to error. The alfalfa treatment, likewise, has had no consistent effect upon the supply of carbonates, which might be predicted from its nature. Ammonium sulfate, true again to its physiologically acid nature, has been just as consistent in making a drain upon the carbonates as in increasing the soil acidity, which is more evidence of the significance of mineral acids. The two soils behave in a similar manner qualitatively, but there are usually mqre marked effects produced upon the humus soil.
GENERAL DISCUSSION
The acidities and carbonates have been run in duplicate on duplicate pots ·and as a rule checks were good. Relative results are shown in each table in columns to the right marked with a plus or minus sign, according to the effect produced as compared with the soil alone. The soil itself in each case has apparently become less acid after the first sampling, which · might signify oxidation of organic acids present in the original soil. It is true, however, that many of the minor variations are considered acddental rather than fundamental. There are errors in mixing the original soil, and again in adding the treatments, and yet again in taking a comparatively small sample from so great a bulk of soil. Results are, therefore, interpreted with these limi tations in mind.
Rather than have conclusions drawn from so brief and limited a study some general indications may be pointed out.. In the first place the more acid soil has been more active in every respect, indicating that measurable acidity is not a correct index to toxicity. And again no effect which may be attributed to acids has been permanent and consistent except where a mineral acid could be credited for the cause. These permanent effects have resulted from the sulfuric acid liberated from the ammonium sulfate and from the nitric acid accruing from nitrification. Where only organic acids may be presumed to have appeared the effect has been slight or, if temporarily quite ap preciable, has soon disappeared. Another effect may be noted in that the basicity resulting from the breaking down of protein is more permanent than any acidity which may result. This is due to the fact that acids are either volatile or are oxidized to carbon dioxide which is volatile. Nitrogenous bases, on the other hand, are continuously active being absorbed and held by the soil until nitrified. In general, then, organic matter seems to act the part of a base rather than of acid, _at least to the extent ' that a given acidity is less detrimental in the presence of an adequate supply of organic materials. Even though organic acids may temporarily take up bases, they are freed again by the complete oxidation of the organic radical.
Theoretically, hydrolysis of 10 tons glucose or starch may produce an acidity equivalent to 5.6 tons of calcium carbonate, if only acetic acid were produced and the charge were complete. It is perfectly evident that nothing like this effect ever occurs. In the same way the change of the one ton of ammonium sulfate, if it were complete would cause an acidity of 1.5 tons, which is only a little more than is actually found in some cases. Likewise the nitrogen of the nitrogenous materials should produce in round numbers about 5.3 tons acidity if the change were complete. But since some ammonia is always present which has neutralizing power and the nitrogen change is never com plete, a much smaller. effect in increased acidity is produced. The nitrogen of the alfalfa if all changed to nitric acid would produce only about a ton of acidity, while the lime from the same source would be equivalent to nearly half a ton, so that no marked effects would be expected from alfalfa as the data shows. Therefore, from combined data both experimental and theo retical, we may Conclude that the addition of organic materials to soils is not likely to have a very decided effect in increasing acidity. In fact, the humified organic matter may act as a protector of base, by combining with it to form insoluble and non-leachable compounds. Then as oxidation proceeds, the mineral bases thus preserved assist in neutralizing any harmful acidity that .may occur. Additional base must be supplied, however, to satisfy the de mands of the nitric, sulfuric, or other mineral acids, which may at times tend to accumulate, partly due to the use of physiologically acid fertilizers.
PHYSICAL EFFECTS OF TREATMENTS
There is a physical effect of these different treatments upon the soils which is worthy of note. The albumin and casein pots required less water than . the others, due to the failure to evaporate moisture as rapidly. This is in ac cordance with the nature of colloidal material, such as the various proteins, to bind or hold water. Casein, especially in the presence of alkali, has been found to show marked hydrophylic properties. There is also a tendency for the formation of a grayish incrustation on the pots, a_nd the soil handles poorly, is hard and lumpy, even in the presence of lime. These materials;
and also blood-treated soils, filter poorly in the early part of the experiment.
Colloidal material passed 2 thicknesses of filter paper. Later blood recov ered from this characteristic and gave a clear filtrate. These same materials, ' especially in the early work, gave a :filtrate of a somewhat greenish-yellow color, due doubtless to some organic decomposition product.
·
Of the two, the humus soil worked rather better, giving a clearer :filtrate.
The carbohydrate materials on both soils caused marked physical effects, though producing a different condition from that of the proteins. The starch, in particular, caused the soil to remain wet and sticky, of a consistency similar to putty. Starch pots too, although apparently of the same water content, always showed a higher per cent of moisture. The alfalfa-treated pots were in the best physical condition, remaining granular, and in good tilth. The ammonium sulfate had little effect. This factor may be worthy of consid eration, therefore, in that the physical properties of a soil depend very much upon the nature of organic materials and fertilizers added, and that such fac tors in turn greatly influence bacterial activity and the producing power of a soil. The evil effects of some treatments are not overcome even by lime, when added in amounts compatable with practicability.
SUMMARY
1.
None of the organic treatments has increased the lime requirement of the soils. The highly nitrogenous materials have rather had the effect of decreasing the acidity. This effect is very marked at the first sampling. · 2. Ammonium sulfate, on the other hand, has consistently caused a marked increase in the lime requirement of both soils.
3. The carbohydrate materials have had a small and inconsistent effect upon the soil reaction.
4. The highly nitrogenous organic materials which diminished the acidity tended to protect the carbonates of the soil at the first sampling. Later the same materials used up the limestone quite completely in some cases and to a much greater extent in all cases than did . the soil alone.
5. Ammonium sulfate, likewise, very consistently exhausted the lime of the treated soils.
6. The carbohydrates, as is true of the alfalfa also, had no more marked effects in exhausting the carbonates than in increasing the acidity.
7. Ammonification is greater in the absence of lime on both acid soils. A difference in the soil :flora is a possible explanation. The ammonification is probably due in part to the activity of molds.
8. Both casein and albumin ammonify more rapidily than does blood which is of higher nitrogen content.
9. Ammonia does not accumulate in the presence of either carbohydrates or alfalfa.
10. Nitrification occurs most rapidly in the presence of lime. 11. Nitrification is slow in starting in the presence of the nitrogenous ma terials, except blood, probably due to a slight toxicity of accumulated ammonia and exhaustion of nitrates caused by the multiplied flora.
12. No nitrates were found in the presence of the carbohydrates until the end, probably because they were consumed by the organisms of the soil.
13. Taking the sum of nitrates and ammonia there is the greatest action in the presence of lime on the untreated soil, but the reverse is true in most cases for the treated pots.
14. The two soils show as marked differences in their behavior as do the different treatments. The more acid soil is much more active, probably be cause of greater content of organic matter and a more abundant :flora.
